We present the theoretical basis and sample Monte Carlo data for the YFS exponentiated calculation of e + e − → ZZ → f 1f1 +f 2 f 2 at and beyond LEP2 energies, where the left-handed part of f i is a component of an SU 2L doublet, i = 1, 2. The calculation is performed for both SM couplings and for anomalous ZZV triple gauge boson couplings in the conventions of Hagiwara et al.. Our formulas, which are gauge invariant, are illustrated in a proto-typical YFS Monte Carlo event generator YFSZZ.
The problem of the precision calculation of the processes e + e − → ZZ + n(γ) → 4f ermions + n(γ) at the higher energy range of LEP2 and at NLC (> 300 GeV) type energies is the subject of our paper. We are motivated to investigate this problem for a number of reasons, the most important of which is its role in connection with the verification and tests of the SU 2L × U 1 model of Glashow, Salam and Weinberg [1] of the electroweak interaction. Indeed, at the NLC these and related processes are expected to play the primary role in such physics studies [2, 3] as precision tests of the fundamental non-Abelian triple and quartet gauge field self-interactions in principle, for example. In this paper, we present and illustrate, via sample Monte Carlo data, the rigorous Yennie-Frautschi-Suura (YFS) [4] exponentiated Monte Carlo approach [5] to these processes.
The respective Monte Carlo event generator which realizes the calculation is exact in the infrared regime and is of leading logarithmic accuracy through O(α 2 ) in the initial state QED hard radiative regime. A higher precision realization of our methods and results is in progress [6] .
We recall at this time the current state of the art insofar as Monte Carlo event generators for the processes e + e − → ZZ + n(γ) → 4f ermions + n(γ) are concerned. In ref. [7, 8] , both semi-analytical and Monte Carlo event generator results in the literature have been reviewed. What is new in our work in this paper is that we present for the first time the results of a calculation of theese processes in which all of the following are simultaneously featured:
• realistic, finite p T , simulation of the respective multiple photon radiative effects on an event-by-event basis in which infrared singularities are cancelled to all orders in α
• YFS exponentiated O(α 2 ) LL initial state radiation (ISR)
• anomalous triple gauge boson couplings.
Thus, our work represents the first realistic multi-photon radiative effects simulation of the processes under study in which the interplay between the n(γ) radiation and possible anomalous coupling effects can be systematically investigated. We illustrate this point in what follows.
Our work is organized as follows. We first build on the recent application of the YFS exponentiated Monte Carlo algorithm in ref. [9] to the W -pair production process by extending it to the Z-pair production process of interest to us here. We then present some sample MC data and discuss their implications for Z-pair production studies at high energy e + e − colliding beam devices. Finally, we present some summary remarks.
Specifically, in this paper, we extend the result in ref. [10] to the process e + + e − → Z +Z +n(γ) → 4f ermions+n(γ), as it is illustrated in fig. 1 . We start with the respective master formula.
Referring to our master formula in ref. [10] , eq.(9) in this last reference, for the process e + + e − → W + + W − + n(γ) → 4f ermions + n(γ) and to the kinematics in fig. 1 , we arrive at the corresponding initial state YFS exponentiated O(α 2 ) leading log (LL) master formula for the process e + + e − → Z + Z + n(γ) → 4f ermions + n(γ) by substituting the respective Born level differential distribution for the latter process for the former, yielding
where we have introduced the same notation as that used in ref. [10] for the YFS infrared functions B,B, D and for the YFS hard photon residualsβ n . Thus, at theβ 0 level to which we work (i.e.β 1 andβ 2 are included here in the LL approximation only), we may identify 1 2β 0 with dσ Born /dΩ 1 dΩ 2 where dΩ 1(2) is the differential decay solid angle of
f 1 (f 2 ) in the respective Z's rest frame. Our respective Born cross section dσ Born is taken from ref. [11] , where we allow for anomalous couplings gauge boson couplings f 4 , f 5 in the notation of this latter reference. We have realized the result (1) using MC methods of two of us (S.J. and B.F.L.W. [5, 9, 12] ), in complete analogy with our work in ref. [10] .
The resulting program is called YFSZZ 1.0 and it is available from the authors [13] . We will now illustrate some of its applications. Such multiple photon radiative effects in the process under study here have not appeared elsewhere.
Specifically, in fig. 2 , we show the results for 10 6 simulated (weighted) events for the In ref. [14] , semi-analytical results are presented for the process in fig. 1 which feature the exact O(α) ISR correction with soft photon exponentiation. Indeed, the authors in ref. [14] have isolated both the complete O(α) correction and the so-called universal part of this correction associated with structure function evolution of the incoming e ± beams.
For the process which we present in fig. 2 , we may therefore compare directly the ratio the σ tot /σ 0 tot for the case of SM couplings, 1.081 ± 0.002, with the analogous ratio in ref. [14] for the respective universal correction, which is 1.0798. The excellent agreement between these two numbers gives us an important cross check on our work.
In summary, we have developed and illustrated the first ever multiple photon, finite p T , amplitude based Monte Carlo event generator, YFSZZ 1.0, for the process e + e − → ZZ + n(γ) → f 1f1 +f 2 f 2 + n(γ) in which infrared singularities are cancelled to all orders in α. We find that there is an interplay between the n(γ) radiation and the presence of possible anomalous couplings in the gauge boson sector. We look forward with excitement to further applications of our calculation in high energy e + e − colliding beam devices. 
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